Abstract: An anti-inflammatory active extract from the seeds of the Australian rainforest vine Celastrus subspicata was identified from high throughput screening of a plant and marine invertebrate extract library using an assay which detects down regulation of expression of pro-inflammatory genes associated with the glucocorticoid receptor ligand complex. The anti inflammatory properties of the extract were found to be associated with a group of fatty acids that were present in the extract in high yield. Two agarofurans were also isolated and shown to possess minimal anti inflammatory activity and to be cytotoxic towards HeLa cancer cells.
Introduction
consider dihydro-β-agarofurans to be "privileged structures" since many show cytotoxic (Kuo et al. 1994) , ant-HIV (Duan et al. 1999) , immunosuppressive (Zheng et al. 1989 ) and insecticidal (Wu et al. 2001) activities. Plants from the family Celastraceae have been intensively investigated mainly because many species contain dihydro-β-agarofurans and these compounds appear to be taxonomic markers for the family (Brüning and Wagner 1978) . Our interest in an Australian species Celastrus subspicata Hook (Celastraceae) was sparked by the observation that the CH 2 Cl 2 extract from the seeds exhibited anti-inflammatory activity associated with the glucocorticoid receptor (GR). C. subspicata is a vine which is found in rainforests and monsoon forests from far north Queensland to southern New South Wales. It is also found in Papua New Guinea and New Caledonia.
Nuclear hormone receptors are ligand-inducible transcription factors and one, the GR, is associated with inflammatory and immunosuppressive properties (Pujols et al. 2004; Bamberger et al. 1996) . The GR functions as a transcription factor upon binding of glucocorticoids (GCS) and the major antiinflammatory effects of the GR-GSC complex are a result of the down regulation of genes via interaction of the complex with transcription factors such as activator protein-1 (AP-1). The GR-GCS binds to AP-1 via a protein-protein interaction and prevents AP-1 binding to the TPA responsive element (TRE) causing down regulation of pro-inflammatory genes that are usually activated by AP-1 (Kumar and Thompson 2005; Hayashi et al. 2004) . Synthetic ligands of the GR are widely used as drugs to treat inflammatory conditions such as rheumatoid arthritis or dermatitis. Unfortunately many of these drugs produce side effects which appear to be associated with up regulation of genes encoding antiinflammatory proteins, such as secretory leukoprotease inhibitor (SLPI), ß 2 -adrenoceptors, and CD163.
The discovery of compounds which selectively down regulate pro-inflammatory genes may provided new and improved drug therapies to treat inflammatory conditions.
Results and discussion

4
A reporter gene assay in which multiple TRE elements were linked to a minimal promoter driving the β-galactosidase gene was employed to find natural product extracts that down regulate pro-inflammatory genes. High throughput screening of extracts from 7399 plants and 517 marine invertebrates collected in Queensland led to the discovery of a bioactive CH 2 Cl 2 extract from the seeds of C. subspicata.
Purification of this extract resulted in the isolation of two new agarofuran sesquiterpenes, 1 and 2. This paper reports on the isolation, structure determination and biological activity of the constituents isolated from C. subspicata.
The CH 2 Cl 2 extract was partitioned between 90% aq. MeOH and hexane. The hexane contained very high concentrations of fatty acids that, by NMR and MS, could be assigned to mainly palmitic, oleic and linoleic acid. The aqueous methanol fraction was purified on C 18 yielding compounds 1 and 2. The antiinflammatory properties of the extract was attributed mainly to the hexane fraction and assays performed on authentic samples of the fatty acids, palmitic, oleic and linoleic acids showed that the three acids were active with linoleic acid being the most potent. The agarofurans, 1 and 2 showed minimal activity in the reporter gene assay and were also shown to be mildly cytotoxic. addition to the methyl and phenyl groups, four oxygenated methines, an aliphatic methine and two aliphatic methylenes. The remaining seven carbons observed in the 13 C NMR spectrum were quaternary (three ester carbonyls, three oxygenated aliphatic and one aliphatic carbon). Partial structures 5 RCH 2 CH 2 CHROR and RCHORCHORCHR were deduced from COSY correlations. HMBC correlations observed from the four aliphatic methyl proton signals and the oxygenated methine proton H-6 provided sufficient information to assign the dihydroagarofuran core of the structure. Thus a cyclohexyl partial structure was deduced from correlations from H-14 to the methylene carbon C-3, and the two oxygenated quaternary carbons C-4 and C-5 and from H-15 also to C-5, to the quaternary aliphatic carbon C-10, as well as to the oxygenated methine carbon C-1 that was part of the same CH 2 CH 2 CH partial structure as C-3. An additional correlation was observed from H-15 to the oxygenated methine C-9 and from the two methyl proton signals, H-12 and H-13 to the methine carbon C-7. Finally HMBC correlations from H-6 to C-4, C-5, C-7, C-10 and C-11 indicated that 1 possessed a decahydronaphthylene substituted by methyl groups at C4, and C10 and an isopropyl group at C7. The 13 C NMR quaternary carbon signals at δ C 92.7 (C-5) and 83.0 (C-11) were characteristic of ether carbons of an agarofuran (Chang et al. 2003) . The acetate was located at C-1 since HMBC correlations were observed between H-1 and the acetate carbonyl carbon at δ C 170.2. The two benzoates were attached at C-6 and C-9 since correlations were observed from the protons H-6 and H-9 to carbonyl carbons at δ C 165.9 and 164.9, respectively. The relative configurations of the eight stereogenic centers in 1 were established on the basis of coupling constants and correlations observed in a NOESY spectrum. Since H-1, H-3a and H-9 showed NOESY correlations to each other it could be concluded that the decahydronaphthylene adopted a chair-chair conformation with these three substituents occupying axial positions. The isopropyl group was also axial since a correlation was observed between H-9 and H-13.
On the opposite face of the molecule, H-11, H-6, and H-15 were all axial since they showed correlations to each other. The molecule had to contain a trans bridgehead for the above correlations to be observed.
The coupling constant of 4.2 Hz between H-7 and H-8 indicated that these protons were both equatorial.
Compound 1 was therefore concluded to be 1α-acetoxy-4β,8α-dihydroxy-6β,9α-dibenzoyl-β-agarofuran. Agarofurans 1 and 2 are most closely related to two compounds isolated from Celastrus paniculatus since these are the only other agarofurans which possess the same oxygenation pattern and configuration at the 8 stereogenic centers (Tu et al. 1993 ).
Compounds 1 and 2 showed minimal activity (12% and 38% inhibitory activity respectively) in the proinflammatory gene down regulation assay at a concentration of 100 µM. However, both compounds were also shown to be cytotoxic to HeLa cells at a concentration of 100 µM (1, 73% and 2, 85% inhibition). The fatty acids, linoleic acid, oleic acid and palmitic acid were tested in the proinflammatory gene down regulation assay. All three acids decreased β-galactosidase activity although both oleic and palmitic acid failed to reach basal activity at 1 mM (both showed 80% inhibition at 1 mM). Linoleic acid was found to be the most potent of the three fatty acids tested with an IC 50 of 64 µM. The reference compound dexamethasone had an IC 50 of 5 nM.
Experimental
General experimental procedures.
All solvents used were Omnisolv HPLC grade and H 2 O used was Millipore Milli-Q PF filtered. Optical rotations were measured on a JASCO P-1020 polarimeter (10 cm cell). UV spectra were recorded on a 7 CAMSPEC M501 UV/vis spectrophotometer and IR spectra were recorded on a Bruker Tensor 27 spectrometer. NMR spectra were recorded at 30 ºC on Varian Inova 600 MHz NMR spectrometer. were used for flash chromatography separations. HPLC separations were achieved using a Rainin Microsorb C 18 semipreparative column (3µm, 10 mm × 50 mm).
Plant material.
The seeds of C. subspicata were collected by Paul Grimshaw on the 20 th of April 1994 from Gus Beutels Lookout, Ravensbourne National Park, in South East Queensland. A voucher specimen, AQ600876, is deposited at the Queensland Herbarium.
Extraction and isolation.
The ground seeds of C. subspicata. (5 g) were extracted with CH 2 Cl 2 (200 ml) yielding a brown gum (1.29 g).
The CH 2 Cl 2 extract was partitioned between 90% aq MeOH (50 ml) and hexane (3 × 50 ml). The hexane fraction (1140 mg) was analyzed by (-) ESIMS and ions at m/z 255, 281 and 279 were observed. 2H, dd, 7.8, 7.8 Hz, 7.47 (2H, dd, 7.8, 7.8, Hz, 6.46 (1H, s, 5.54 (1H, d, 4.8 Hz, 5.15 (1H, dd, 3.6, 12.9, Hz, 4.47 (1H, dd, 4.2, 4.8 Hz, 2.63 1H, (d, 4 .2 Hz, 1H-7), 1.89 (1H, ddd, 14.4, 13.2, 2.4 Hz, 1H-3β), 1.75 (1H, dddd, 3.6, 3.6, 4.2, 13 Hz, 1.69 (1H, ddd, 3.6, 32.6, 13 .2 Hz, 1H-3α),
1.63 (3H, s, 3H-15), 1.57 (3H, s, 3H-14), 1.58 (3H, s, 3H-13), 1.52 (1H, dddd, 12, 13, 14.4, 3.6 Hz, 1H- .9 (C-1'), 165.1 (C-1''), 133.5 (C-5''), 133.2 (C-5'), 130.2 (C-3' and C-7'), 130.0 (C-2' and C-2''), 129.7 (C-3'' and C-7''), 128.7 (C-4'' and C-6''), 128.6 (C-4' and C- The experimental details for the Glucocorticoid Gene Down Regulation Assay and β-Galactosidase assays have been described previously (Carroll et al., 2008) .
Cytotoxicity Assay.
HeLa cells were plated at 1 × 10 4 cells/ml into a flat-bottom, 96-well microtitre plate containing either compound 1 or 2. The cells were then continuously exposed to the compounds for 5 days. After 5 days the media was removed and replaced with 200 µl of media containing Neutral Red (50 µg/ml). Cells were then incubated for 3 h at 37 °C in a 5% CO 2 atmosphere. The cells were then washed twice with PBS and destained with 200 µl of destaining solution (1% glacial acetic acid and 50% ethanol) by shaking on a Bioline Orbital Shaker (Quantum Scientific Pty Ltd, Australia) for 10 min. The absorbance for each plate was then read at 550 nm in a THERMOmax™ microplate reader (Molecular Devices, CA, USA). IC 50 values for the isolated compounds were obtained by testing three wells per concentration.
